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I • UII'OWDID AllClmWlIC C1IAIAC1'II1ftlCS or A U-PIlCaT-SCALI MODEL Du~.el C. Morpn, 'I'boma. L. Gallony, .. lruno J. Gabuccl* 
Alles leseareh Center 
SUtlWlY 
Aa exrri_ntal lnvestigation vas conducted in the AIIea 12-Foot Preasure 
~.ftd Tuaat to deteraine the unpowered aerodynaaic characteristic. of a 
15-perceat-acale model of a twin-enaine ca..uter aircraft. Model lonaitud1nal 
.. rod~c characteristics were examined at diacrete flap deflectioos f~~ 
vart ... ~Ile-of-attack and wlnd-tunnel-veloeit, ranges with the .-pear 19. Oft 
and off. Lateral-directlonal data were obtained for a range of aideslip 
aOll .. at aoctel anlles of attack of 0·, 4·. and 8-. The Ie{"!olds nU1lbeI' v .. 
varied fro. O.518xlD'/m (1.7 xlO'/ft) to 2.114xlO'/a (7.0xlO 1ft). Late~al 
directlonal characteristics were examined at a leynolds number of 1.646xlO'/m 
(5.4xlO'/ft). 
Data are presented for the baatc model configuration conaisting of the 
fusela,e. wing. basic winl leading edge, double slotted flap., midenain. 
~celles, and empennage. Other confilurations tested include a partial-apan 
dl'8O,e4 leading edle (drooped outboard of the engine naLelles), a full-span 
dfOOped leadinl edae, low- and high-mounted engine nacellea, and a ainlle-
.Jotted flap. Some data were alao obtained of flow visualization. fixed 
boundary-layer transition on the ving leadina edge, and the wing pres.ure 
distribution. 
AD evaluation vas .. de of the model mounting syst .. by comparing data 
obtained with the model mounted conventionally on the wind-tunnel model-
support struta and the model inverted. 
INTRODUCTION 
In the paat. the aerodynamic technololY utilized on commuter-type aircraft 
reflected mainly past research and d~velopaent efforta of tha larle-transport 
aircraft .. nufacturers. However. since the larle-transport aircraft .. nufac~ 
turers have '.veloped larler jet transports, the technololY i. generally no 
lonler sultable for application to small. short-haul traneport aircraft. The 
nature of the comproai8e between performance and cost for these laal1, short-
~¥l aircraft dlffers fro. that for larle. lonl-range, high-speed. jet-
transport aircraft. 
*Senlor A.lociate. Kendan Associates. 'alo Alto. California 94303. 
TABLE 1. - MODEL DIMENSIONAL DATA 
Complete model 
Volume, m3 (ft 3 ) •••• 
Area, m2 (ft 2 ) • 
Wing 
Overall length, m (ft) 
Volume, m3 (ft 3) 
Area, m2 (ft 2 ) •• 
Span, m (ft) . 
Aspect ratio . 
Cho rd, m ( f t ) 
Root 
Tip • . . • 
Mean ~erorlynamic chord, ~, m (ft) 
Airfoil section (NACA). m (ft) 
Root •...... 
Tip ...................... .. 
Distance from centerline to c, m 
Taper ratio • • . . • . 
Sweep at leading edge, deg . 
Sweep at 25% chord, deg 
Sweep-flap leading edge, deg 
Sweep at trailing edge. deg 
Root incidence, deg 
Tip incide~ce, deg . 
Dlhederal. deg ... 
Flap span, m (ft) 
Aileron span. m ,ft) 
Fuselage 
Volume. m3 (ft 3 ) •• 
Volume nose cone, m3 (ft 3 ) 
Volume tail cone. m3 (ft 3 ) 
Volume cylinder. m3 (ft 3 ) 
Diameter, m (ft) 
Length. m (ft) ..... . 
Horizontal tail 
Vo 1 ume, m 3 (f t 3 ) 
Area, m2 (ft 2 ) 
Spa n, m ( f t ) • 
Aspect ratio . 
Chord, m (ft) 
Root 
Tip. . • • •.• 
Mean aerodynamic chord, c, m (ft) 




Distance from centerline to C, m (ft) 
Taper ratio 
3 
• • 0.12997 (4.59) 
.16537 (1.78) 
• • 2.7137 (8.90) 
.01359 
.57971 






































TABLE 1. - CONCLUDED 
Horizontal tail (concluded) 
Sweep at leading edge, deg . 
Sweep at 25% chord, deg 
Sweep at trailing edge, deg 
Vertical tail 
Volume, m3 (ft 3 ) 
Area, m2 (ft 2 ) 
Span, m (ft) .. 
Chord, m (ft) 
Root 
Tip ..• 
Mean aerodynamic chord, c, m (ft) 
Airfoil Gection (NACA), m (ft) 
Root . . . . . . 
Tip . . . . . 
Distance from centerline to c, m 
Sweep at leading edge, deg . 
Sweep at 25% chord, deg 
Sweep at rudder leading edge, deg 
Sweep at trailing edge, 
Miscellaneous 
Nacelle volume. m' (ft 3 ) 
























The aspect ratio of the wing was 7.71, the taper ratio 0.398, and the 
sweep along the quarter-chord line 0.9°, The leading-edge and trailing-~dge 
sweeps of the wing were 4.5° and -9.0°, respectively. The wing section at the 
root was the NACA 65.,A215 section and at the tip, the NACA 64 2 A415 section. 
The incidence was 1.0 0 at the wing root and -1.0° at the tip. Wing airfoil 
coordinates are presented ip table 2. The leading and trailing edges were 
removabl~ so that an alternate drooped-leading-edge configuration or singl~­
slotted-flap trailing-edge configuratio~ could be installed. Two drooped-
leading-edge configurations were used; one had a drooped leading edge extending 
outboard of the engine nacelles (partial-span drooped-leading-edge configura-
tion) and the other was drooped the full spanwise extent of the wing leading 
edge. A typical cross section and ordinates for the drooped-wing leading edge 
are presented in figure 6(a). 
Flaps and Ailerons 
For this investigation the ailerons were not deflectec. The basic flap 
configuration was the double-slotted flap. Flap deflections were pOSitioned 
by brackets for discrete deflections of 0°, 18°. 36°, and 54°. Also 
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TABLE 2.- AIRFOIL COORDINATES AT WING STATION 0.1052 m (4.14 in.) 
(Wing root) (Wing tip) 
Upper surface Lower surface Upper surface Lower surface 
x/c y/c x/c y/c x/c y/c x/c y/c 
0.0 0.00622 0.0 0.0 0.0 0.0 
.00208 .U1373 0.00206 -0.00129 .00277 .01284 .00723 -.01060 
.00694 .01992 .00687 -.00650 .00501 .01573 .00999 -.01256 
.02028 .02887 .01890 -.01408 .00967 .02034 .01533 -.01552 
.02974 .03367 .02852 -.01784 .02168 .02908 .02832 -.02064 
.05454 .04282 .05233 -.02489 .04625 .04178 .05375 -.02735 
.07927 , .05034 .07601 -.03076 .07109 .05157 .07891 - .03211 
I 
.12830 I .06199 .12353 -.03997 .09606 .05975 .10394 -.03590 
.17697 i .07046 .17128 -.04704 
I 
.07694 .21944 -.05260 .22536 I 
.273.59 I .08158 .26720 -.05689 
1 
.32156 .08486 .31501 -.06022 
.37121 .08670 .36312 -.06225 
.41794 .08688 .41140 -.06331 I 
.46564 .08561 .46029 -.06302 I 51479 08250 50907 
-
06128 . . . . 
I .14621 .07281 .15390 -.04158 
I .19655 .08274 .20345 -.04553 
I .24699 .09022 .25301 -.04817 
.29750 .09563 .30250 -.04969 
.34806 .09908 .35194 -.05012 
.39865 .10043 .• 0135 -.04928 
.44925 .09941 .45075 -.04684 
.49983 .09638 .50017 -.04318 
.56365 .07:64 .55764 -.05826 ' 
.61278 .07118 .60668 
-.054051 
.66190 .06371 .65508 -.04910 
.71071 .05502 I .70388 -.04371 
.75915 .04541 I .70683 -.04332 
.55037 ! .09169 .54963 -.03864 
.60084 .08559 .59916 -.03352 
, 
.65125 .07819 .64875 -.02800 I 
.70158 .06962 .69842 -.02232 I 
.75185 .06003 .74815 -.01682 
.80716 .03494 .70956 -.04296 .80222 .04945 .79778 -.01207 
.85609 .02363 .75606 -.03739 .85127 .03754 .84783 -.00868 
.90559 .01204 .80397 
I 
-.03172, 
.95321 .00061 .85124 -.02643 





.90152 .02531 .89848 -.00570 
.95078 .01282 .94922 -.00301 
1.0 .00032 .99997 -.00320 
-
.99578 -.01153 
1.0 - .01123 
investigated was a single-sl0tted flap. Typical cross sections of the two 
flap configurations are shown in figure 6(b}. 
Nacelles 
Engine nacelles with the same geometric details were investigated; they 
were mounted in three positions with respect to the wing. The basic configu-
ration was with the nacelle in the midposition. Alternate positions were 
overwing (high nacelle) and underwing (low nacelle). Nacelle details are 
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shown in figure 6(c). Photographs of the model with the nacelles in the dif-
ferent positions are presented in figure 7. 
EmpE"nnage 
The horizontal tail had an NACA 66A009 airfoil section at the root and an 
NACA 63A009 airfoil section at the tip. The aspect and taper ratios of the 
tail were 3.58 and 0.463, respectively. The horizontal tail was movable and 
could be actuated remotely over an incidence range of _8° to 8°. 
The vertical ~ail also had dn NACA 66A009 airfoil section at the root and 
an NACA 63A009 airfoil section at the tip; the rudder was not deflected. 
Because the model was designed for the empannage to be removable, d9ta were 
also obtained with the horizontal and vertical sections removed. 
TESTS AND PROCEDURE 
Longitudinal force and moment data were obtained at discrete flap deflec-
til-ns for model angles of attack through stall and for various wind-tunnel 
velocities. Tests were made with the empennage on and off. Lateral-
directional data were obtained for a range of sideslip angles at model angles 
of attack of 0°,4 0 , and 8 0 • Tail incidence sweeps were also made. at model 
angles of attack of 0°,4°, and 8 0 • A summary of the principal test variables 
is presented in the following tables: 
~ 1 Medel ~aralileter: Range, deg 
.IU -4 to 17 
5f D, 18, 36, 54 
it -8 to 8 
t -2 to 6 
Wind tunnel 
I Reynolds 
, Stagnation Dynamic 
number pressurl: pressure 
-! N/m" 1 (psf) . 10E 1m (yI06!ft) N!m 2 (psi) 
I 
---I i 0.518 0.7) 101353 1(14.7) 43Cd (90) I 
, J .646 (5.4) 275790 : (40.0) 19630 (410) 
1.219 i (4.0) 1413685 1(60.0) 6703 ( 140) 
, 1.646 , (5.4) 14136851(60.0) 11730 (245) I 2.103 (6.9) 22503 (470) I I I 413685 (60.0) 
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In order to evaluate the effects of the model mountinl syatem. data were 
also obtdined with the model mounted in an inverted position. as shown in 
hlure 2. With the model inverte..i. positive pitch was limited to 10° and. 
therefore. maximuc lift could not be defined. A1BO. the model configurations 
were limited to tail off because of the interference effects of the strut. 
For the flow-visualization studies. microtufts were placed on the upper-
right-wing surface of the model. Tufts wert also placed on the right-engine 
nacelle. Photogra~hs of the tufts were mad~ for the win~-body configuration 
with the na~elles removed and with the mid and high nacelles at flap deflec-
tions of 0° and 36°. 
In order to determine the effects of transition, carborundum grit was 
placed on the model wing, nose. ~nd tail to form transition strips. The 
tranaitlon strips. made of number 60 carborundum Irit, were placed spanwise on 
the upper and lower surfaces of the wing at the 10- and 1S-percent wing-chord 
stations. The transition strips were 0.64 em (0.25 in.) wide. Transition 
strips also were mounted on the 10- and 1S-percent chord stations on the upper 
and lower surfaces of the horizontal tail. Transition on the vertical tail 
was located at lO-percent chord on both surfaces. The fus~lage transition was 
placed 6.35 em (2.5 in.) from the nose. 
Wi~g pressure distributions were measured by using two pressure straps. 
Th~ straps were made of ten O.0762-cm-diameter (0.030-in.) stainless-steel 
tubes soldered together side by side and bent to the contour of tr.e wing. The 
tubes were plugged near the leading edge of the wing so that each tube served 
a dual purpose (upper- and lower-surface measurements). Photographs of the 
prE'ssllre-strap installation are sho'Jtl ir· figure 8. One pressure strap was 
mounted outboard of the right nAcelle and the other inboard of the left 
nacelle. The spanwise position and c:hordwise orifice locations are indicated 
in Table 3. Pressure data were obtained with the midnacelles on and otf the 
wing. 
The wing-body fairing ~n the basic model configuration was refereed to 
as the long fairing. In order to determine the effects of fairing size. a 
much short~r wing-body fairing "-las also investigated. Details of the two 
fairings are e:hown in the photo~ "'1phs in figure 9. 
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TABLE 3.- PRESSURE-STRAP ORlFICE LOCATION 
Pressure Left-wing Pressure Right-wing 
tap no. strap,a tap no. strap. 
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aleft-wing pressure strap is located 
22.S cm () in.) spanwise from fusel~ge 
centerline. 
bRight-wing pressure strap is located 








Force and moment data were corrected for wind-tunnel wall constraints in 
the following manner: 
a - au + 0.49207 CL \I 
Co • COu + O.00752(CLuY 
- 0.05110 CL 
u 




It shl)uld be n'llL·d that corrections have not been applied for the effects of 
model ~upport ~truts or for ram drag. 
PRESENTATlO~ OF DATA 
Model configurati,)ns investigated in the wind-tunnel test arc summarit~d 
in table 4. The basi~ model configuration was repr~sentativc of a twin-engine 
comrnuter-t.ansp<1rt aircraft except for the ItJ~g wing-body fairing. 
A sumrl.uy of data gi \'~n in figures 10 through 29 is given in table 5. 
Model component drag-buildup characteristics are presented in fig~re 10. The 
effects of flap deflection on the longitudinal aerodynamic characteristics of 
the mudel for two Reynulds numbers are presented in f1gur~ 11. Figure 12 
presents the effects of Reynolds number on th~ longitudinal aerodynamic char-
acteristics 0: the model for two flap deflections. The effects of Mach number 
on the longitudinal aerodynamic characteristics of the basic model configura-
tion are ~resented in figure 13. The effects of placing transition strips on 
thl' ourface of the basic mode 1 conhguratinn are shown in figure 14. Fig-
ure 15 presents the effects of tail inciJence on the longitt .. i.nal aerodynamic 
characll·ristics of the basic mll,~el contiguration. The variation of side··force. 
yawing-m,)menl, and rolling-moment coefficients with angle of sides1.1p for the 
basic model configur;1tion a:e pn.·sented in figure 16. 
The effects of tail incidence on the longitudinal aerodynamic character-
istics for the low·· and high-nacelll' configurations art> ptes~nted in fig-
ures 17 and 18, respectively. The effects of engine-nacelle position on the 
longitudinal aerodynamic ~haracterislics of the ~odel 2re presented in 
figure 19. Figure 20 presents the effects of Reynolds number on the longi-
tudinal ilerodynamic ch;nacteristics t)f the model with a partial-span drooped 
lc.lding edge. A CI.-.mpar1.on of the longitudinal characterititics of the basic 
aud partial-span droopL'd-lee.ding-edge configurations for three Reynolds num-








TABI.! 4. - MODEL CONFIGURATION SUHHARY 
configuration 
Production wing leading edge 
Production flap (double slotted) 
Production tail 
Production nacelles (mid-nacelles) 
Long wing-body fairings 
B-Partial-drooped-leading-edge configuration 
Wing leading edge drooped outboard of nacelles 
C-Drooped-leading-edge configuration 
Wing leading edge has a full spanwise droop 
D-High-nacelle configuration 
High nacelles replace midnacelles in "A" 
!-Low-nacelle configuration 
Low nacelles replace midnacelles in "A" 
F-Single-slotted-flap configuration 






spanwise locations of the wing-body configuration with and without the midwing 
nacelles are presented in figures 22 and 23. A comparison of the effects of 
tail incidence for the model with the double-slotted flap (basic flap config-
uration) and the model with the single-slotted flap is presented in figure 24. 
The b&sic (long) wing-bod~r fairing is compared in figure 25 with the short 
wing-body fairing. 
The model is normally mounted on the wind-tunnel support in an upright 
position. In order to evaluate flow-field effects arising from the strut 
mounting adapter, if any, the model was also tested in an inverted position. 
In figures 26 through 28 a comparison is made for several configuratio,ls. The 
effects of flap deflection on the longitudinal aerodynamic characteristics with 
full spanwise droop on the leading edge of the wing are presented in figure 29 
(model inverted). 
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-4 to 4 
-4 to 14 
-4 to 16 
-4 to 17 
-4 to 16 













46 i2(a) .159 6794.2 141.9 1.219 4.00 -4 to 17 ' 0 
39 .2!0 12386.6 258.7 1.649 5.41 -4 to 1 7 1 
35 .263 18634.9 389.2 1.984 6.51 -4 to 15 
12 .249 4227.e 88.3 .500 1.64 -4 to 17 
. _____________________ --+.; I i 
27 12(b) .160 6842.1 142.9 1.219 4.01) . -4 to ill-7 36 
19 .lIC) 11965.3 249.9.1.634 5.36 . -I. '.J 16 I ; 
31 .251 4294.9 89.9 .518 1 70 I. to 17 t . 
-------------------- I 
39 1.1 .2iO 12386.6 258.7 1.649 5.41 . -4 to 17 I Q 
i 33 .338 19118.6 399.3 1.628 5.34 . -4 to 14 i 1 
r . !. 
i 39 14 .210 . 12386.6 258.7 1.649 5.41 I -4 to 17 
i 20 .210 12075.4 252.2 1.631 5.35 -4 to 15 36 
\144 .210 12065.8 252.0 1.631 5.35 : -4 to 17 0 
i147 .210 .12185.5 ,254.5 1.631 5.35 1 -4 to 17 36 



















Effect of Reynolds 
number 
(basic configuration) 
Effect of Mach number 
(basic configuration) 
Effect of transition 
(basic configuration) 
TABLE 5.- CONTINUED 
r 
I Reynolds 
iRun F' Mach q number au' "-ft it. 19ure d : no. no. I-- ,deg deg eg 
i : N/m; psf: -'106/m "10~'/ft 
I 1 1 • 
• e. I I I deg , Remarks I 
i---+--'--~----I 
43,15(a) :0.211 i 12343.5; 257.8 i 1.655 5.43 0 
, I o ~ 
I ;-8 to I 0 Effect of tail inci-
dence 44 : .210 : 122?~.4 I' 255.5 j 1.649 5.41 4 
45 I .210 '121':J.3 253.2: 1.640 5.38 8 
j 'j --~----+---
53115(b) .158 6597.9! 137.8 ,1.198 3.93 0 
54 ! .160 6737.7' 140.7 : 1.213 3.98 4 
55 ! .160 i 6703.2 140.0: 1.213 I 3.98 8 1 . i 
- ['- -, 1 
24 15(c) .210 11903.0 i 248.6 1.625 5.33 
25 .210 11931.8: 249.2 1.625 5.33 
26 .210 il926.9! 249.1 1.622 5.32 
t--- ~ 
i 40 16(a) .210 12266.9 Ii 256.2 1.646 
"'-ll 41 .210 12310.0 i 251.1 1.b49 
5.40 
5.41 
5.39 42 .209 12180.7 1254.4 1.643 
21 i 16(b) 
22 
23 
.209 11874.3\1248.0 1.628 
.210 11926.9 249.1 1.628 




i 100 i 17(a) .210 I' 11725.9 I' 244.9 i 1.622 5.32 I I , 
,101 I .209 i 1i673.2 1243.8 11.615 5.30 
~02 ' .209]11706.7 /244.5 11.612 5.29 
: 116 117(b) i .209· 11831.2 1247.1 11.628 5.34 
i 117 ! .210 11950.9 i 249.6 11. 631 5.35 
1118 I .210 11941.3 J 249.4 1.628 5.34 
740sCa)- r .-210 i 11864.7]247.8 11.634 5.36 
75 I! .210 i 11845.61247.4111.631 5.35 




































o 1-2 to 













TABLE 5.- CONTINUED )----'-i--T - Reynolds 
I Run I F" I Mach ! q number 19ure i 
no. , no. I I 








~-90-~8(b) • 0.211 ~ 12008.4 250.8 1.640- T 5.38 0 136 1-8 to 'I; 
91 .210; I1B64.7 247.B 1.62B ! 5.34 4 I +8 
92 , .210 : 11869.5 247.9 1.625 I 5.33 8 I. I 
I ! --,--~---~-----~---_4----+_--~ 
11 i 19 .210 ' 11792 . 9 : 246.3 1.640 5.38 ! -4 to 16 0 0 
I, ' 
39 .210 ; 12386.6 ' 25R. 7 1.649 5.41 i -4 to 17 
73· .210 I 1188B.7· 248.3 1.637 5.37 ; -4 to 16 
99: .209 '11692.4: 244.2 1.625 5.33 I -4 to 16 
60 20 .160 r 0:'93.7 139.8 1.219 1 4.00B -4 to 17 
65 .210 111917.1+ 248.9 1.663 (' 5.456 -4 




w i --46j-;I.--- - r ~1;-9 r 6~9~ .;- f-~~-; .~- r~. ;16--T;-. 9~ -4 to 17 
I 60; I .160 i 6693.7: 139.8 ! 1.219 I 4.01 ! 
I 
571 ! .160 I 6832.5: 142.7 ' 1.228 4.03 
I 59 ! .1591 6660.1/139.1 1.219 I 4.00 
l I I I 
! 123 22(a) 
123 I 22 (b) 
126 I 23(a) 
! 














• 20B I 1 1 740 . 2 : 24 5 . 2 I 1. 6 18 I ' I I I 



















Effect of nacelle 
location 
Effect of Reynolds 
number (partial-
~ drooped leading edge) 
1 
I 
Basic leading edge 
configuration. partial-
I spau drooped leading edge, basic leading 
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! I Reynold,:> 
Run, M h Figurt: ,de 
110. no. 
, : / 7 L~ N m psf j(10 6 /m I xl0 D /ft 









39 I 2~'(a) .210 i 12386.6 : 25~--ll.649 5.41 '1-4 to 17 
153 I .210 12118.5' 253.1 I 1.646 5.40 I 
144' .210 12065.81257.0 i :.631 5.35 I 
15 1 ' . 2 10 1 2 003 . 6 . 2 50. 7 1. 63 1 5 . 35 I 
32 25 (b) .249 4227.8 8e. 3 .500 1.64 ! 
154 .249 4237.4 88.5 .. 521 1.71 i 
146 .251 4275.7 89.3 i .512 1.68 
152, .249 4218.3 88.1! .518 1.70 
~ I I 
( I I 11 26 :1) I .210, 12334.0 ; 257.6 1.646 5.40 
1691 I .210 i 11979.6 . 250.2 1.646 5.40 
< <_ _ ___ L ____ ~._ __L __ _ 
-4 to 14 
j -4 to 10 
: 134 26(b) .209 ! 11821.6 246.91' 1.625 5.33 1-4 to 17 
! 172 I .210
1
1 11998.8 250.6 1.637 5.37 -4 to 10 
1 : I ~ 
1291 27 II .210 i 11826.4
1
: 247.0 1.631 
132 i .211 112041.9 251.5 1.640 
176 1 1 .210 i 11883.9 I 248.2 1.628 






9 128 .298121723.2 \ 453.7 12.131 i 6.99 

























1-4 to 17 
I -4 to 17 
-4 to 10 
-4 to 10 
-4 tc 16 




























Short and long wing-
body fairing with and 
without transition 
Short and long wi~f­
body fairing with and 
without transition 
Comparison of model 
mounting 
Comparison of midwing 
and high nacelle. 
model upright. 
model inverted 
Comparison of inverted 
and upright (fuselage 
only) 
Hudel inverted, full 
drooped leading edge 
DATA DOCUMENTATION 
Only a portion of the data recorded during the test program is presented 
in the figures of this report. For ~ompleteness. all the wind-tunnel test 
data are included in Appendix A. 
15 
APPENDIX A 
TABULATED TEST DATA 
Since only a portion of the wind-tunnel test data is presented in plotted 
form in this report, all the test data are presented on microfiche in the 
attached jackets. Coded configuration designations used during the wind-
tunnel test are shown in table lAo A tabulation of the model configuration 
tested is presented in table 2A. The aerodynamic coefficients used on the 
microfiche records are d~lLlIed in table 3A. and a quick reference to the 
available data is presented in table 4A. 
TABLE IA.- CODED CONFIGURATION DESIGNATION FOR TEST 
Basic configuration 
Production fuselage •.... 
Production wing leading edge 
Production flap (double slotted) 
Production tail • . ..... 
Production nacelles (midnacelles) 
Other configurations 
Drooped-wing leading edge (outboard of nacelles) 


















TABLE 2A.- SUMMARY OF WIND-TUNNEL TEST CONFIGURATIONS 
1 pr~duc-! . ! 
Test 
configuration 
I t10n- iDouble-I' 
I wing I'slotted Mid- I High 
!leading flap !nacelles ,nacelles 
I edge ! i I ' I 
II ;as-ic configuration .; .; T!'-~- -r 
I Drooped-wing leading I 
~~ .;.; , .; 
High nacelles .;.; 
Low nacelles .;.; 
Wing pressure .;.; 
Wing pressure .;.;.; 
'Flow visualiza t ion I'; .; .; 
Flow visualizat ion I.; .; ! 
Flow visualizati,on i / .; 
I'Single-slotted flap I .; I 
I
With transition I'; .; .; 
-...J ' Short-body fairing I 
with transition I.; .; 
Short-body fairing .; .; 
Model i~verted ! / I 
I Inverted with gear ;.; .; 
!Inverted with droopedl 
I leading edge I'; I 
iinverted, n~ nacelles'; .; 
:Inverted, m1d- I 
nacelles I,' I 
Inverted, high I 













Low I Landing 

















































I Run Reynolds Po .' qpsf number. 
no. PSl. 
x 10' 1ft 
1 --- --- ---
i 2 --- --- ---
I 3 14.7 89.1 1.709 
I 4 60.0 138.4 4.001 5 l 244.1 5.349 6 473.5 6.981 
A&) 
7.8 --- I --- ---
9 60.0 6.978 I I ~53. 7 10 464.4 6.998 
I 
111 I 257.6 5.400 
12 I 142.2 3.988 
13
1 
I 246.3 5.378 
14 142.3 4.046 
IS 461.3 6.927 
16 247.0 5.354 
17 245.5 5.408 
18 249.4 5.372 
19 249.9 5.363 
20 252.2 5.354 
21 248.0 5. J35 
22 249.1 5.341 
23 245.9 5.305 
24 248.6 5.332 
25 249.2 5.331 
26 249.1 5.322 






-4 to 4 
1 I 
--
TABLE 4A.- TE::iT RUN SUMMARY 
Conversion factors: 
ft )< 0.3048 = m 
psf ~ 47.880258 N/m7 
psi ~ 6894.7572 N/m2 
! ~ f' , it· ~, Mach 
; deg I deg deg no. 
i i 
I --- I --- I --- ---





! 1 --- --- .159 I _._- --- .210 I .299 --- ---
--- --- --- ---I \-4 to 16. --- ' .298 --- I 0 
I -4 to 11 ! 0 --- I .300 
1-4 to 14 i --- i .210 I 
-4 tu 171 
I 
.160 --- I 
-4 to 16 0 I .210 
-4 to 171 I . 161 
-4 to 13 I .300 
I 
.209 
-4 to 17 i 
~ t .211 36 .210 
-4 to 1S I 
1 I 
.210 
-4 to 16 .210 
" 0 i -2 to 6 .210 I 
j 
I 
l 4 .210 i 8 I .208 
0 I -4 to 8 0 .210 I 
4 1 ~ 1 
.210 I 
8 I .210 







Calibration check, 2.S-in. balance I 
Calibration check. 2.S-in. balance 
Configuration 1 
Calibration check. 4-in. balance 
Configuration B ! 
Configuration B + Wl a 
Configuration B + WIG 
Configuration B + W1 a 
Configuration B + WI + T1b 
• 
I 
Configuration B + ~1 + T1 + N1c ~ 
Configuration B + WI + Tl + Nl + u 
Configuration 8 + WI + F 1 + Tl + N1 + G I 
Configuration 8+ WI + F1 + Tl + Nl I 
Configuration B+ WI + F1 + Tl + Nl I 
~d strut f~r~g I 
Configuration B+Wl. Fl. Tl. Nl 1 






TABLE 4A.- CONTINUED 
r R! j I Reynolds 
un I Po . I qpsf I number. au· 6f. it· B. Mach Remarks 
no. PS1 1 ' x 10 6 /ft ! deg deg I deg deg no. 
r .. 
o 
28 60.0 . 142.9 3.994 I 0 i 36 -4 to 8 0 0.160 Configuration B + WI. Fl. Tl. NI 
11.1.7 ~ i , 1 1 
(basic configuration) i 
29 1 3.987 4 .160 I 
30 I i 141. 3 3.980 8 .160 
j 31 14.7 . 89.7 1. 701 -4 to 17 0 .251 
32 14.7 I 88.3 1.642 -4 to 17 ) 1 I 
.249 
33 40.0 ,413.1 5.413 I -4 to 14 .345 
34 60.0 465.0 6.998 I -4 to 15 .301 
35 389.2 6.506 1-4 t~ 15 I .263 
36 386.7 6.490 -8 to 8 I .262 
I 37 , 385.6 6.471 
-4 t: 171 ! 
.262 
I 38 , i 379.9 , 6.411 .260 I 
I 39 I 
; 259.7 I 5.409 0 .210 
40 I 1256.2 5.400 o I ! -2 to 6 .210 I 
• 
41 I 1257.1 5.415 4 I .210 I I 42 I 254.4 5.389 8 ! I .210 :~ I 257.8 I 5.428 0 -8 to 8 I .210 255.5 5.406 4 
! + 
.210 
45 I 253.2 5.382 8 .210 46 141.9 3.994 I -4 to 17 0 .159 
47 140.7 3.997 0 I -8 to 8 .159 I 
48 142.6 4.018 4 
• 
.161 
49 140.7 3.997 8 .160 
50 372.1 i 6.463 -4 to 16 18 I 1 .200 51 252.9 5.355 -4 to 16 i .210 52 137.3 3.915 -4 to 17 .157 
53 137.8 3.934 0 -8 to 8 .158 
54 140.7 3.982 4 
• 
.160 
55 140.0 3.977 8 .160 i 
I 
S6 14.7 9u.7 1. 740 -4 to 17 0 .253 
I S7 60.0 142.7 4.026 1 
• 
54 ~ .160 I 54 i , .252 • i 58 14.7 90.2 1. 737 I I 
-
-- _ ... _---_ .. - -- -
N 
Run ip I q I Reynolds lno . I °PSi psf I number, 
: 1 1 : '10 6 /ft 
_______ ~ ___ 1 
au' 
deg 
TABLE 4A.- CONTINUED 
! -S f • it, 8 , Hac h IRk 
I I emar s 
! deg deg deg no. i 
t ! -~ -l 
59160.0 !l9.1 3.996 '-4 to 17 54 0 0 0.159 IconfigUratiOn B + W2, Fl, TI. Nl 
partial-droop leading edge, 
I outboard nacelle!: I 60 I 139.8 4.008 1-4 to 17 I 0 0 .160 
61 139.0 3.995 i 0 
62 I 138. 1 3.982 4 
63\ : 138.3 3.982 8 
64 1 457.8 6.910 i -4 to 17 
65 i 248.9 S.456 ; -4 to 16 
66 250.7 5.429 0 
67 247.4 5.368 4 
68 245.8 I 5.334 8 
69 ,370.2 I 6.430 
70 1373.6 ! 6.390 I ' 71 ,373.1 6.374 
i -4 to 14 i 
I 0 ; 
: 
72 37 3.2 6.360 i 
4 
8 
73 248.3 5.371 : -4 to 16 
74 247.8 I 5.356 ' 0 
75 ,247.4 5.345 4 
76 i247.0 5.336 8 
, 77 1367.0 I 6.405 0 
78 1371.5 I 6.403 4 
79 ' 366. 9 i 6 . 337 8 
80 1369.1 : 6.335 1-4 to 14 
81 I 144.0 4.001 )-4 to 17 ! 
82 i 144.7 4.036 I 0 
83 1143.2 4.025 4 
I -8 to 8 .160 




-~ r 8 
o 
-8 to 8 
~ 
o 



























.159 84 141. 5 4.005 \' 8 
as 461.6 6.979 -4 to !4 , • I 0 
i 18 1 ! .300 86 247.2 5.331 -4 to 16 87 1368.7 6.425 1
1
-
2 to 14 
88 141.0 3.955 -4 to 11 
.209 
I ~ I .160 
I 
























































243.8 I 5.296 
1244.51 5.290 
370.71 6.427 
370.6 6.385 ! 371. 6 I 6.373 
370.5 I 6.341 
137.0 3.988 
137.5 I 3.985 
137.4 I 3.979 








249.1. . 5.337 
144.4 4.046 
142.:" 1 4.011 
- -----
TABLE 4A. - CONTINUED 
au' I 6 f. I it· I B. r-1a-:h 
I 
Remarks deg : deg deg deg no. 
-4 to 16 36 0 0 0.210 Configuration B + WI. Fl. Tl. N2 
0 I I -8 to 8 I .211 I 4 I I ~ I .210 
-4 t: 17 I I I .210 I 0 I .160 
0 -8 to 8 I .160 I ! 
4 ~ I .159 I I 8 I I .160 I I I -4 to 15 , 54 0 I I . 161 . I I I I -4 to 15 I 54 l I .160 Iconfiguration B + WI. Fl. Tl. 53 I • .209 I ,-4 to 16 I 0 I I 0 I -8 to 8 I .210 ! 4 I ~ , 1 .209 8 I .209 I 
-4 to 14 0 
.260 I 
0 : -8 to 8 .259 
4 I ~ .259 I I I I .259 I ! 8 ' I -4 to 17 I 0 I .160 
I 0 ! -8 to 8 .160 I I , I I . 4 I .160 I 8 I , .159 I 
-4 to 14 I 0 .300 I 
-4 to 16 ( 18 
1 
.210 I 
-4 to 141 ~ I .260 






0 I I· .161 4 .160 , 
TABLE 4A.- CONTINUED 
- --- 1 -. I -- - 1 Reynolds i I Run 1 Pu : qpsf number., 




-- -T--. -l Ti 
6f· l.t. i 8. Mach I 




121 ! 60.0 141.6 4.009! 8 36 : - 8 to 8 0 I O. 160 Configuration 
Configuration 
B + WI, Fl. Tl. H3 
B + WI. Fl. Tl. N3 122 I, 1 143.0 i 4.027 : -4 to 17: 36 
123 I 244.0 I 5.336 I 0 
i I 
1 24 ! 13 9. 2 1 4 . 000 




B + WI. J'l. pressure 
12 5 I 14. 7 , 90 • 0, 1. 72 4 
126 ,60.0 ! 245.2 i 5.308 
1 2 7 I' 60. 0 142 . 9 I 4 . 03 3 
128 14.7 88.6; 1.715 
I 2 9 i 60. 0 24 7 . 1 i ') • 355 
I ! 
I I 30 I : 244.7: '). 32') 
N I I ') i 
w 1'131 I ,2/.8.8 I 
, ' I 
II 132 11251.5 I I t I 
' I I In 1248.6 i 
I I i 
134 I ' 246.9 I I I I 












: 13;' 9 
































36 I , 
-4 to 17 I 54 1 
'-4 to:> 17' 36 
o 
4 
i -8 to 8 
~ 
: -4 
8 I t~ 171 
4 
8 











• 208 • Configuration B + WI. Fl. NI • pressure straps 
.161 
.249 






Configuration B + WI. Fl. HI. flGW 
visualization 
Configuration B + WI. Fl, H2, flow 
visualization 
Configuration B + WI. Fl. H2. flow 
visualization 






Configuration B + WI. Fl. flow I visualization 








.210 Configuration B + WI. Fl. TI. HI. 
with transition 
r ! , 1 Reynolds I I Run I Po .: qnQf nllmh<>r . 










N I I . 
s:- 1154114.7 






























































TABLE 4A.- CONTINUED 
' ..... u' 
deg 
-4 to 16 












































Configuration B + WI, 1-'1. Tl, Nl, 
with transition 
1 
'Iconfiguration B + WI, F1, Tl. Nl. 
with transition, with short 
wing-body fairing 
l 
Configuration B + WI. Fl. TI. Nl. 
(transition removed) with short 
. wing-body fairing 
Configuration B + WI, Fl, Tl. Nl, 
I (transition removed) with short I wing-body fairing 
Configuration B + WI. F I, NI, 
model inverted 
Configuration B + WI. FI, HI. G 
Configuration B , W2, Fl. NI. full-
spanwise-drooped leading edge 
Configuration B + W2. Fl. full-
spanwise-drooped leading edge 
N 
\.It 
Run Po . ({psf 
no. PSl 


































TABLE 4A. - CONCLUDED 
au' 6f' it, a. Mach 
deg deg deg deg I no. 













! .210 I .211 --- --- --- I .299 
eModel mounted inverted Run no. 155 through 179. 
Remarks 
Confi~lration B + W2, Fl. full-
spanwise-drooped leading edge 
Configuration B + W2. FI, full-
spanvise-drooped leading edge 
Configuration B + WI. Fl, full-
spanwise-dropped leading edge 
! 
Configuration B + WI. Fl. Nl • 
sting body top of strut 
Configuration B + WI. FI, Nt 
Configuration B + WI, Fl. HI 
Cvnfiguration B + WI, Fl. N2 
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0.5486 0.35966 I I 














TAPER 0.398 RATIO 




CROOT' ft (1.288) 
m 0.15646 
CTIP' ft (0.513) 
C. m 0.29134 ft (0.956) 
L.E. SWEEP 4.5" 























63AOO9 63AOO9 r-~2'!~l 
I l _ BODY DIA. 0.25146 
(0.825) OODY ~ 
Cf4 133629 
r . ~"V 0.on978 (4.384) -(0.256) / MOMENT CENTER 
~E!:.~ -¥"-,- 
~ 2.,1.t30 I t--- --TV-~ - -
(6.937) ·1 
Figure 5.- Geometric details of model. 
1 
--.-. .... 
--- .... _-- ... 
- DROOPED L.E. 
--- BASIC L.E. 
MODEL LEADING EDGE DETAIL 
UPPER SURFACE LOWER SURFACE 
XJC VIC X/C VIC 
0.000000 -0.009950 0.000000 -0.009950 
0.000995 -0.002587 0.000199 -0.013632 
0.001990 0.000398 0.000398 -0.015025 
0.002985 0.002687 0.000597 -0.016020 
0.003980 0.004577 0.000995 -0.017612 
0.005970 0.007761 0.001990 -0.020299 
0.007960 0.010448 0.002985 -0.022289 
0.010945 0.013731 0.003980 -0.023980 
0.012935 0.015622 0.009950 -0.030448 
0.015323 0.017711 0.019900 -0.036816 
0.028258 0.026871 0.029851 -0.040896 
0.038109 0.030249 0.039800 -0.043980 
0.067861 0.040896 0.069652 -0.049562 
0.097612 0.049761 0.099502 -0.052239 
0.162388 0.064179 0.174129 -0.064328 
0.242285 0.076219 0.248756 -0.056219 
(a) Drooped-wing-leadin~-edge configuration. 
Figure 6.- Alternate-c()nfiguration g(>\)metry. 
31 
WRP 
Cf/C = 0.262 
ALTERNATE CONFIGURATION 
WRP 
~'---r--"~ __ -_-- - --j"'---.:=--
:::--
BASIC CONFIGURATION 
(b) Details of model flap configurations. 
Figure 6.- Continued. 
32 
I 0.07417 0.11303 I 
(0.243) (0.371) -r--
0.09093 
------ I (0.296) ...... ~ 
TOP VIEW 
BASIC MID-NACELLE POSITION 
PROFILE VIEW 




HIGH·NACELLE POSITION ALL NACELLES SHAPE COMMON 










APPLY TO ALL NACELLES 




(c) Details of nacelle configurations. 
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Figure 13.- Effects of Mach number on longitudinal aerodynamic characteristics; basic configuration; 
6 f ,. 0°; Reynolds number .. 1.646><106/m (5.40d0
6 /ft). 
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Figure 14.- ~ffects of boundary-layer transition strips on longitudinal characteristics; basic 
configuration; Reynolds number - 1.640x10'/m (5.38x10'/ft); q • 12226.2 N/m2 (255.4 psf). 
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(a) ;f = 0°; q"' 12.233.4 :i/m" (255.5 psf); Reynolds number· 1.649"I06/m (S.4IdO~/ft). 







I· ... • ... •·· ......... . 
I:: :: t:: :: .. ::: ~ : :: : 
............. ··f .. ·•· 
"gi~~~~~~ ~~~~g~i~ 
.... , •••••.••...••• :;1.... . ••• .~~:t:~ .• '-".~~.;..:..;.~~'-".;.'-'.l.;..;.;. .. '-L..'-'-'-L-~ ~~ •.. ' .. _ .•...... ···~~;··6f - 18°; .~. • 6679.3 N/m2 (139.5 psf); Reynolds number - 1.207 x 10'/m (3.96xlO'/ft). 




[: (c) :Sf 36°; q 11920.6 N/m7 
::::!::::;::::!:: ::t::: :;:::: 
(249.0 psf); Reynolds number 1.625x106/m (5.33xl06/ft). 
Figure 15.- Concluded. 
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Figure 16.- Variation of side-force. yawing-moment. and rolling-moment 
cuefficients with sideslip; basic configuration. 
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(5.33' 10' !ft) 
Figure 16.- Concluded. 
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Figure 17.- Effects of tail incidence on the longitudinal aerodynamic characteristics. low-nacelle 
configuration. 
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(b) 6f = 36°~ q' l1907.8 N/m? (248.7 psf); Reyr.olds number· 1.628)(10'/. (5.34)(lO'/ft). 
Figure 17.- Concluded. 
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Figure 20.- Eff(;cts of Reynolds number em ]ongi'_,"dinal aerodynamic characteristics; partial-drooped-













































































































































































































































































'2 ~ .... u c:: o u 
\.1) Ll'ft-wing pr.'ssurt> strap !.5 <':1'1 (18 in.) fr,'m fUSL'Ja~ .... ct.'nt.·rlin .... 
loutboard of nac .... ll .... ). 
Fil'lurc 2:!. - i·!L)dL'\ pn'ssurl' dist rihut.o!1 W) th Will~-hlld:>, ~'l'nf i!o!urat if)n; 
'f 20°; q" 11')67.Q !\/m: (241.1> psf); Revlwlds llumhl'r a I.f<"!H'IO"/m 
\:1 • 34' 10' I f l ) . 
(b) Right-wing pressure strap 22.5 cm (9 in.) from fuselage centerline 
(inbtJard \)f nacl·!le). 
Figure 22.- Ct)IHluded. 
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la) I.l'fl-win~ prl''';'';\'!'l' ,.;trap 45 em (It; in.) tr,'m flls"ja!!,' ,','ntl'rl i'll' 
("llt:""lrd ", n,I,','I 1,'). 
Figur" .' 1.- ~h'J,'1 \)\'l''';'';llr,' di,.;trihuti,'n with ...,ing-b"dv-mhln,I'·l·lle 
\.'\1\1 t i gu LI t i, 'II; t ~ 0"; q ~ I 1 7,,0 . ~ ~,I l1I' l.'·' " . .' 1'''; t ) ; 
Rl'VIWl,h numbl'r = l.blil' 10' 1m (e), 31,10' /1:). 
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Figure 24.- Comparison of effects of tail incidence for two flap configurations; <Sf - 36 0 ; tlu - 4 0 ; 
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Figure 25.- Concluded. 
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Figure 27.- Comparison of model mounting (upright and inverted) for two nacelle positions; wing-body-
nacelle configuration; 5f = 0°; q = 11915.0 N/m
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Figure 28.- Comparison of fuselage-only configuration mounted upright and inverted; q = 22111.1 N/m2 
(461.8 psf); Reynolds number = 2.131/10 6 /m (6.99~106/ft). 
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Figure 29.- Effects of flap deflection on model longitudinal aerodynamic characteristics; wing-body with 
full drooped-lead-edge configuration; model mounted inverted; q = 11968.9 N/m2 (241.9 psf); 
Reynolds number = 1.634 x 10 6 /m (5.36 x 10 6 /ft). 
